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Abstract 
It has been hypothesized that small amounts of myopia may be due, in some degree, to ciliary spasm. 
This thesis proposed that a significant amount of low myopia can be reduced with only a small amount of 
auditory biofeedback training. A total of 10 subjects in two groups, one control and the other 
experimental, each underwent a total of 18 thirty second biofeedback trials in six sessions over a 10 day 
period. Although we found what appeared to be a small amount of myopia reduction Ln the experimental 
group, it was not significantly different from that found in the control group. Thus we conclude that a 
significant reduction, due to auditory biofeedback training, cannot be obtained with so few training 
sessions. 
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ABSTRACT 
It has been hypothesized that small amc;mnts of myopia may be 
due, Ln some degree, to ciliary spasm. Thi~~thesis proposed that 
a significant amount of low myopia can be reduced with only a 
small amount of auditory biofeedback training.' 
A total of 10 subjects in two groups, one control and the 
other experimental, each underwent a total of 18 thirty second 
biofeedback trials in six sessLons over a 10 day period. Although 
we found what appeared to be a small amount of myopia reduction 
Ln the experimental group, it was not significantly different 
from that found in the control group. Thus we conclude that a 
significant r~duction, due to auditory biofeedback training, can-
not be obtained with so few training sessions. 
AUDITORY BIOFEEDBACK TRAINING IN PSEUDOMYOPIA 
Pseudomyopia is defined as a type of myopia due to a spasm of 
the ciliary muscle. The ciliary mu&e::le is under the control of the 
autonomic nervous system primarily via. the parasympathetic system. 
It had been widely believed that autonomic effector organs were 
incapable of behavioral modification by learning or training until 
published reports of visceral learning· appeared in the past decade. 
Miller (1969) reported on learning of visceral responses although he 
did not include the ciliary muscle. Cornsweet and Crane (1973) 
demonstrated voluntary control of acconnnodation through biofeedback 
training. They used subjects that were ennnetropes and reported suc-
cessful training of voluntary accommodation. An automatic infrared 
optometer that continuously measures the state of accommodation was 
used in conjunction with an auditory biofeedback system in that 
experiment. Provine (1975) demonstrated training voluntary acconnno-
dation in three subjects. 
The most recent report has come from Trachtman, Giambalvo and 
Feldman (1981). They trained three subjects having functional 
myopia using a high speed infrared optometer connected with an audi-
tory biofeedback system. All subjects demonstrated voluntary con-
trol of accommodation, thus reducing their functional myopia, along 
with an improvement in unaided visual acuity. All training was 
done 1n a dark, cue-free environment. 
-1-
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The primary purpose of the present experiment was to determine 
if myopia can be reduced with a total of only nine minutes of 
training spread over a ten day period utilizing auditory biofeedback 
coupled with a B&L Ophthalmetron . 
. 
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METHODOLOGY 
Subjects 
The 10 subjects used in this project were selected from a 
volunteer group of ~acific University College of Optometry students 
and spouses, ages 21 to 29. All subjects had refractive corrections 
between -0.37 D and ;?3.00 D, with no more than 2.00 D of astigmatism. 
None of the subjects h'~d any apparent ocular pathology. 
Each subject underwent an abbreviated optometric exam consist-
ing of the distance subjective testing sequence. These findings 
were used as baseline data for the proJect. 
Apparatus 
The B&L Ophthalmetron (BLO) was the principal apparatus used 
(Floyd and Garcia, 1974). The BLO is essentially an electronic 
retinoscope, and it was used here to monitor accommodation. Added 
to the BLO was special equipment which provided an auditory biofeed-
back tone; this tone changed in pitch as accommodation changed. A 
storage oscilloscope, which produced visual tracings of accommoda-
tive level over time, was also added to the set-up. This was 
essentially the same apparatus reported by Roth and Yolton (1979). 
Method 
This project was designed with an experimental and a control 
group; five subjects ~n each group. The refractive errors of all 
10 subjects were compared and subjects were matched ~n pairs of 
similar amounts. One from each of these pa~rs was randomly placed 
~n the experimental group, while the other was placed in the control 
group. 
Each subject participated ~n six sessionsoftraining over a 
4 
period of 10 days. Each session was preceded by a dioptric cali-
bration of the oscilloscope display. Since the absolute findings 
were taken from the BLO, this calibration was only important to 
determine a*y oscilloscope drift during the session. After cali-
bration, the subject was aligned in front the BLO and secured 
us~ng a bite board. Once aligned, the first step was to take an 
initial ref~~ction reading using the BLO. A compensating or 
"emmetropizing.;·, lens was placed before the eye of any subject who 
showed a refractive error greater than or equal to 0.50 D of myopia. 
This was done to bring the conjugate focus within the calibration 
range of the oscilloscope display. Another measurement was taken 
to arrive at a starting point for the trials that followed. In 
order to illustrate this, here is an example: Initial finding -
2.75 of myopia, auxiliary lens- -2.50 D, resultant finding and 
starting point - 0.25 D of myop~a. Following the placement of the 
appropriate lens, three 30 second trials were run with short rest-
ing intervals between each trial. The alignment was rechecked 
after each trial to assure there was proper alignment throughout 
the trial. 
All subjects used a set of non-electrical (air tube) head-
phones to hear the auditory signal (frequency range 800-555 Hz 
for a 0.75 D change in accommodation). Each subject was instructed 
that the pitch rises or falls as the accommodation changes. They 
were informed that one way to release accommodation was to try 
looking beyond the cue-rich target in the BLO. 
The auditory signal was set so that its mid-range fell at the 
subject's starting point. The subject was then told to reduce 
accommodation, thus lowering the pitch. At the same time the BLO 
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and oscilloscope were engaged. After 30 seconds the apparatus was 
disengaged, the alignment rechecked, and the endpoint recorded. Two 
more trials followed, after which a calibration check of the system 
was made . 
.. 
After each trial for all subjects, the actual measurements 
were taken by recording the endpoint shown in the BLO. This reading 
is relative to the initial reading taken before each trial, thereby 
indi'cating the amount of change during each trial. At the end of 
each session, any subject showing an overall decrease in level of 
myop~a was given plus lens clip-ons equal in power to the decreased 
myopia with instructions to wear them whenever they normally wear 
their glasses. The purpose of the plus lens clip-ons was to have 
the subjects wearing total lens prescriptions with less minus 
power than habitually worn so there would be no discomfort from 
increased accommodation or regression to the previous amount of 
myop~a. 
After all s~x sess~ons were completed, each subject was again 
given a distance subjective refraction and these findings were 
compared to those found initially. Both the initial and final 
exams were conducted by the same examiner, and the same set of 
equipment was used in each exam. 
The control group was treated the same as the experimental 
group with the exception of having the auditory signal artifically 
controlled. During each trial for control subjects, the auditory 
pitch was varied in one of three ways: randomly rising and falling 
in pitch, rising and falling in direct opposition to ~he actual 
accommodative changes shown on the oscilloscope, or by remaining con-
stant regardless of any accommodative changes made by the subject. 
.. 
·- . 
RESULTS 
All subjects, except one, showed some reduction in myop1a 
during at least one session, no matter whether they belonged to 
the experimental or control group (Tables I and II). Conversely, 
all subjects of both groups showed increased myopia in at least 
6 
one session during the experiment. A t-value for related measures 
(or paired data points) was calculated for comparing refractive 
changes of each experimental partner to those of a corresponding 
control partner. An average of the three trials 1n a given session 
was used. The results were insignificant at the 0.05 level. 
In reviewing the distance subjective refraction, one subject 
from the control group showed a reduction of 0.50 D of myopia. 
This finding is suspect, especially since in every training session 
there was either no change or an increase 1n myop1a. In the experi-
mental group, three subjects each showed a 0.25 D decrease of 
myop1a. A t - value for related measures was calculated comparing 
the change 1n the initial and final distance subjective refractions 
of the paired subjects. This also was insignificant at the 0.05 
level. 
Therefore, it is concluded that there was no .significant 
reduction of myopia in the experimental group when compared to 
the control group after a total of only nine minutes of actual 
training time over a ten day period. 
; -
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DISCUSSION 
Although Trachtman, et. al., had success in reducing functional 
myopia using biofeedback, this study proved unsuccessful in signi-
ficantly reducing pseudomyopia. From our t-value, it showed that 
the experimental group did not have a significant reduction in 
myopia from auditory biofeedback when compared to the control group 
on whom the auditory signal was randomly manipulated. This means 
to the practitioner that a short, quick method (nine minutes of 
actual experimental time) for myopia reduction is still not avail-
able. The results suggest that a greater amount of training time 
and/or improved apparatus or procedure may yield positive results. 
The following are possible ways 1n which this thesis may 
yield significant results: (1) increase number of subjects to 
at least ten in each group, (2) increase number of trials from six 
to ten - the reason for this 1s that the first two or three sess1ons 
are mainly to familiarize the subjects with the procedure and 
equipment, (3) a greater range of pitch is needed, particularly 
on the increased myop1a side- 1n many instances, when a subject 
had a large increase of accommodation, the pitch became inaudible 
and the subject would not have any biofeedback, and thus became 
confused. 
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TABLE I 
Results - Control Group 
Session MB TT BK DT RS 
4F1 1. -2.00 1. 0 1. -.50 1. 0 1. +.12 
2. -.25 2. -.50 2. NV* 2. +.12** 2. -.25 
3. -.50 3. -1.50 3. NV 3. -.50 3. +.12 
Ave=-. 9166 Ave=-. 666 Ave= -.50 Ave=-.1266 Ave= 0 
4f2 1. +.12 1. 0 1. 0 1. 0 1. -.62 
2. 0 2. -.75 2. 0 2. -.12 2. 0 
3. 0 3. 0 3. -.25 3. +.12 3. +.75 
Ave= +.04 Ave=-. 25 Ave=-.0833 Ave= 0 Ave=+. 043 
4/=3 1. +.12 1. -.25 1. -.25 1. +.25 1. -.50 
2. 0 2. -.25 2. +.12 2. -.25 2. +.12 
3. +.12 3. -1.00 3. -.50 3. +.25 3. 0 
Ave=+. 08 Ave= -.50 Ave= -.21 Ave=+. 0833 Ave= -.1267 
41=4 1. +.12 1. +.25 1. -.25 1. 0 1. +.37 
2. +.12 2. 0 2. 0 2. -.37 2. -.12 
3. +.12 3 .. 0 3. -.12 3. -.50 3. NV 
Ave=+.l2 Ave= +.0833 Ave= -.1233 Ave=-.29 Ave= +.125 
4/=5 1. 0 1. 0 1. -.12 1. 0 1. +.25 
2. +.37 2. +.50 2. -.25 2. -.25 2. 0 
3. 0 3. +.37 3. 0 3. +.50 3. +.75 
Ave= +.123 Ave= +.29 Ave= -.1233 Ave=+. 0833 Ave=+.333 
4/=6 1. -.12 1. +.25 1. 0 1. -.25 1. +.25 
2. -.25 2. -.12 2. -.25 2. 0 2. +.50 
3. +.37 3. 0 3. +.25 3. +.25 3. 0 
Ave= 0 Ave=+.0433 Ave= 0 Ave= 0 Ave= +.25 
(* NV means no value was obtained because there was total misalign-
ment) 
(i:* plus s~gns indicate myopia reduction) 
Pairin~s 
c E 
1. MB KB 
2. TT DT 
3. BK BC 
4. DT CJ 
5. RS SB 
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TABLE II 
Results - Experimental Group 
Session KB DT BC CJ SB 
ttl 1. +.12 1. +.12 1. +.50 1. -.87 1. -.50 
2. -.25 2. 0 2. +.25 2. +.50 2. -.62 
3. +.12 3. +.12 3. +.50 3. +.37 3. +.37 
Ave= 0 Ave= +.08 Ave=+.4167 Ave= 0 Ave= -.25 
1t2 1. +.25 1. -1.00 1. -.12 1. -.25 1. -.12 
2. 0 2. NV* 2. +.12 2. 0 2. -.25 
3. +.25 3. -.37 3. +.25 3. 0 3. +.12 
Ave= +.167 Ave=-. 685 Ave=+.0833 Ave= -.0833 Ave=-. 083 
1t3 1. NV 1. 0 1. - +.25 1, . 0 1. · -.37 
2. +.25 2. -.12 2; 0 2. + . . 12 2. -.25 
3. 0 3 .. -.37 3. NV 3. +.37 3. 0 
Ave= +.125 Ave=-.163 Ave=+.l25 Ave= +.1633 Ave=-. 2066 
#4 1. 0 1. - . 37 1. 0 1. 0 1. -.37 
2. 0 2 . 0 2. +.12 2. -.25 2. -.12 
3. 0 3. +.25 3. 0 3. +.25 3. -.12 
Ave= 0 
. Ave= -.04 Ave=+. 04 Ave= 0 Ave=-. 2033 
-
{fo5 1. -.12 1. +.37 1. -. 75 1. +.37 1. 0 
2. NV 2. -.62 2. -.12 2. 0 2. +.12 
3. 0 3. -.12 3. +.25 3. +.12 3. 0 
Ave=-. 06 Ave= -.1233 Ave=-.2067 Ave= +.1633 Ave= +.04 
#6 1. 0 1. 0 1. NV 1. 0 1. -.25 
2. 0 2. 0 2. -.so 2. +.87 2. 0 
3. 0 3. 0 3. 0 3. +.37 3. -.25 
Ave= 0 Ave= 0 Ave=-. 25 Ave=+ .4133 Ave= -.167 
(* NV means no value was obtained because there was total alignment) 
(** plus signs indicate myopia reduction) 
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TABLE III 
Distance Subjective Refraction 
Control Experimental 
MB 1. -0.37 -0.75 X 120 KB 1. -0.50 DS 
2. -0.37 -0.75 X 115 2. -0.50 DS 
TT 1. -1.25 -1.75 X 143 DT 1. -2.25 -0.50 X 045 
2. -1.25 -2.00 X 150 2. -2.25 -0.50 X 045 
BK 1. -1.75 -1.75 X 180 BC 1. -2.50 -0.25 X 175 
2. -1.25 -1.75 X 175 2. -2.25 -0.50 X 165 
DT 1. -3.00 -0.25 X 015 CJ 1. -2.75 -0.50 X 025 
2. -3.00 DS 2. -2.50 -0.50 X 015 
RS 1. -1.25 -0.25 X l15 SB 1. -1.25 -1.50 X 085 
2. -1. 25 -0. 25 X 100 2. -1. 00 -1. 50 X 085 
1. initial refraction 
2. final refraction 
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